Background
==========

Hypereosinophilia is defined as absolute eosinophil count \>1500 cells/µL on 2 occasions separated by at least 1 month and/or pathologic confirmation of tissue hypereosinophilia. Hypereosinophilic syndrome (HES) is characterized by sustained eosinophilic overproduction (hypereosinophilia) and organ damage due to infiltration of eosinophils, provided that other causes of organ damage have been excluded \[[@b1-amjcaserep-20-381]\]. Any condition where clinical manifestations and organ dysfunction can be explained by mechanism other than HES should not be termed "HES" even in the presence of hypereosinophilia.

HES was considered idiopathic until recently. However, etiologies for some forms of HES have now been described due to better understanding of the syndrome and availability of better investigative techniques.

Case Report
===========

An 83-year-old female with well-controlled mild persistent asthma on inhaled corticosteroids, presented with a complaint of worsening dyspnea for 3 weeks. Prior to presenting to the hospital, she was treated for bronchitis with oral antibiotics and a prednisone taper in an outpatient setting. However, her dyspnea continued to progress requiring hospitalization. Physical examination was notable for signs of volume overload including grade 2+ pedal edema and bilateral crackles on lung auscultation. Laboratory investigations were notable for leukocytosis of 15.5×10^9^/L (normal range: 4.5 to 11.0×10^9^/L), 26.7% eosinophils (normal range: 0--6%), BNP (brain natriuretic peptide) 1600 ng/L (normal \<450 ng/L for patients 75--99 years old), troponin level 12 ng/mL (normal \<0.4 ng/mL), serum creatinine 1.6 mg/dL (normal range 0.6--1.2 mg/dL), erythrocyte sedimentation rate 60 mm/hr (normal: 0--29 mm/hr), and C-reactive protein 5.13 mg/L (normal \<3.0 mg/L). Electrocardiogram (ECG) showed non-specific ST-T wave changes. Computed tomography (CT) chest showed interstitial edema, and bilateral peripheral ground glass opacities with pleural effusions ([Figure 1](#f1-amjcaserep-20-381){ref-type="fig"}).

Transthoracic echocardiogram (TTE) was remarkable for an ejection fraction (EF) of 35%. Patient was initially diagnosed with new onset heart failure in the setting of non-ST elevation myocardial infarction (NTESMI) and appropriate management was started. However, a left heart catheterization failed to show any significant obstructive lesions.

Peripheral ground glass opacities on the CT chest, non-ischemic cardiomyopathy and eosinophilia raised suspicion for HES. She underwent an extensive eosinophilia workup, which included tests for: human immunodeficiency virus (HIV) antibody, complement level, serum immunoglobulins including IgG4, serum tryptase, rheumatoid factor, anti-nuclear antibody (ANA), anti-neutrophil cytoplasmic antibody (ANCA), fluorescence *in situ* hybridization (FISH) for t(9;22) and BCR-ABL, peripheral blood PCR for T-cell clonality, fungal antibodies, parasitic serologies, and urine and serum protein electrophoresis. These were all negative except for a serum IgE level of 712 UI/mL (usual accepted upper limit: 150--300 UI/mL). Cardiac magnetic resonance imaging (MRI) was performed which showed late gadolinium enhancement of left ventricle epicardium ([Figure 2](#f2-amjcaserep-20-381){ref-type="fig"}).

Cardiac biopsy was performed and was compatible with eosinophilic myocarditis ([Figure 3](#f3-amjcaserep-20-381){ref-type="fig"}).

Bone marrow biopsy showed 20% eosinophils with a single large T-cell aggregate without any aberrant T-cell lymphocytes, which was favored to be benign as bone marrow flow cytometry was unremarkable. Flow cytometry analysis of cells within the lymphocyte gate did not show any abnormal T-lymphocyte subtype specifically associated with lymphocytic variant of HES (L-HES) including T-lymphocytes CD4^+^ CD3^−^, CD3^+^ TCR^α^/^β+^, CD4^−^ CD8^−^ and CD4^+^ CD7^−^, which drive eosinophilia by secreting eosinophil-promoting cytokine (IL-5) \[[@b2-amjcaserep-20-381]\]. Furthermore, analysis of the cells within the granulocyte and monocyte gates did not reveal a phenotypic abnormality. Bone marrow FISH study for FIPL1-PDGFRA, ETV6-PDGFRB or other PDFGRB rearrangements, FGFR1, and PCM-JAK2 was negative and a positron emission tomography (PET) scan did not show any hypermetabolic lesions. Ultimately, the patient was diagnosed with idiopathic HES and started on high dose steroids with significant clinical improvement. The recommended steroids are 1 mg/kg of prednisone. Intravenous steroids should be used in patients who are hypotensive or have gastrointestinal involvement. Our patient was started on 70 mg of prednisone daily (based on 1 mg/kg) for 1 week with dramatic improvement in eosinophil count (\>50% drop). Slow and cautious tapering of steroid was initiated after 1 week. The patient was discharged from the hospital after 12 days with continued slow tapering of steroids and close follow-up. It should be noted that there are no evidence-based guidelines for steroid taper and duration in HES, tapering schedule is highly variable and should be guided by the severity of the presenting clinical complications and the extent to which eosinophil suppression has been achieved by treatment.

Our patient also had partial recovery of cardiac function on repeat outpatient echocardiogram with EF improving to 45% after 1 month. The patient was able to be taken off steroids completely after 6 months.

Discussion
==========

The definition of hypereosinophilic syndrome (HES) includes \[[@b2-amjcaserep-20-381]\]: 1) hypereosinophilia with absolute eosinophil count of \>1500 cells/mm^3^ on 2 occasions separated by at least 1 month or histologic evidence of tissue hypereosinophilia; 2) eosinophil mediated organ damage; 3) exclusion of other causes of organ damage.

HES is rare with an estimated prevalence of 0.36 to 6.3 per 100 000 \[[@b3-amjcaserep-20-381]\]. Usual age of diagnosis for HES is 20--50 years old, however, cases in the elderly population have been noted as well \[[@b4-amjcaserep-20-381]\], such as our patient. HES often involves the skin, lungs, heart, spleen, and nervous system \[[@b5-amjcaserep-20-381]\]. In our patient case, there was involvement of the myocardium and lungs. Involvement of the myocardium in HES is the major cause of morbidity and mortality among patients. Acute myocardial eosinophilic infiltration can manifest as heart failure, chest pain, arrhythmia, or cardiac thrombi. Chronic manifestation of HES includes restrictive cardiomyopathy as the fibrosis ensues \[[@b6-amjcaserep-20-381]\].

Pulmonary involvement in idiopathic HES is variable. Dulohery et al. conducted a retrospective study of 49 patients from 2004--2008 to ascertain the frequency of lung involvement in patients with HES. Their study found that 37% of patients had parenchymal infiltrates, 14% had pleural effusions, and intrathoracic lymphadenopathy was seen in 12% of the patients and 4% developed pulmonary emboli \[[@b7-amjcaserep-20-381]\].

HES can be further subclassified according to the pathogenic mechanisms of eosinophil expansion: primary (neoplastic), secondary (reactive), or idiopathic \[[@b8-amjcaserep-20-381]\]. In primary HES, there is clonal eosinophilic expansion which is triggered by stem cell, eosinophilic, or myeloid neoplasm. Elevated serum tryptase and FIPL1-PDGFRA fusion gene is associated with myeloid variant of HES \[[@b9-amjcaserep-20-381]\], which was negative in our patient. Furthermore, the PET scan did not show any areas of hypermetabolic activity to suggest malignancy for our patient.

Secondary HES is polyclonal and caused by excess eosinophilopoietic cytokines as seen in parasitic infections, drug hyper-sensitivity, certain solid tumors, and lymphocytic variant of HES. Presence of aberrant T-cell lymphocytes is a hallmark of the lymphocytic variant. In our patient, bone marrow biopsy and flow cytometry did not suggest any lymphoproliferative process. Parasitic serologies were negative and no solid tumors were identified on imaging.

Familial eosinophilia is a rare form of inherited HES, however, it manifests early in life. Furthermore, our patient did not have any family history of hypereosinophilia.

Conclusions
===========

HES is rare in the elderly population but still should be considered in the differential when there is presence of hypereosinophilia along with organ damage. A thorough and systematic workup is required to rule out primary and secondary causes of hypereosinophilia before idiopathic HES can be diagnosed. The organ systems that are commonly affected in HES include the skin, lungs, gastrointestinal tract, heart, and nervous system. Overwhelmingly in patients, the onset of symptoms is subtle, and eosinophilia may be detected incidentally.

In a small number of patients, initial manifestations are severe due to the rapid evolution of cardiovascular or neurologic complications.

Steroids remain the mainstay treatment for HES. Patients not responding to recommended dose of steroids need alternatives such as mepolizumab, hydroxyurea, or pegylated interferon.
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